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¢  ABSTRACT. This report cCovers WOrK done on propellant

C -formulations, motor design and testing, and igniter design

=i ~for the Alecto and Cyclops II silver icdide-generating
rocket motors.

=

-

Propellant studies included tests on various Nitrasol
o : X
and fluorocarbon propellants for extrusion production,
Studies on these propellants were discontinued in favor of
cast, nitroplasticized, polybutadiene~acrylic acid (PBAA)
binder formulations that were found to be safer. Design and
fabrication of the Alecto unit culminated in a 2 1/2-inch- :
diameter cast PBAA grain packaged in a modified M123 photo-
flash canister, The Cyclops II unit had drag fins and an 8-inch-
outside-diameter motor package,
Tests were performed on only a few of each type of unit
because the delivery schedules necessitated design freezes.
However, static firings to check the ignition system, the heat
liner system, and the inhibiting system were made, Some units
were vibration-tested and others subjected to 5-foot-drop tests
before firing.
All units showed that they were applicable for flight use,
and 390 Alecto units and 24 Cyclops II units were ready for
use against a hurricane by September 1962. (UNCLASSIFIED)
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FOREWORD

This report details experimental results of studies on
propellant formulations designed to yield silver iodide salt
particles as combustion products. The engineering and
pilot production was done on an extremely short time scale,
but motors of two designs were delivered in quantity by the
end of the reporting period.

The work was done as part of Bureau of Naval Weapons
Task Assignment FASS-006-016/216-1/R004-0201, and the
report was reviewed for technical accuracy by R. A. Miller
and J. R. Sims.
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INTRODUCTION

For years, various methods of disseminating silver iodide in the
clouds (cloud seeding) to control weather conditions have been under
investigation. In 1961, the idea of generating silver iodide in a propel-
lant carrier was investigated at the U, S, Naval Ordnance Test Station
(NOTS). The first of these propellant carriers was a Nitrasol-binder
propellant that performed satisfactorily, as evidenced by the seeding
operations against Hurricane Esther in 1961,1 despite (1) complica-
tions of delay fuzes, (2) ignition through a long tube, (3) other ignition
and gas sealing problems, and (4) cartridge loading.

Since Nitrasol propellants were temporarily banned from Navy use
for safety reasons, polyurethane propellants, which had previously been
examined for use in Cyclops units, were further tested. However, the
polyurethane system contained aluminum fuel and ammonium perchlo-
rate, which was not desirable because of the reduction in silver iodate
loading, generation of chloride-containing products, ard the tendency
to be oxygen poor, A propellant system incorporating an energetically
plasticized polyurethane binder was also investigated, in late 1961.2
No further work was done at that time, because of lack of funds.

In April 1962, funds were made available for research and develop-
ment to culminate in the fabrication of two new salt generator proto-
types for Project Stormfury: a large unit, Cyclops II, and a small unit,
Alecto (Fig. 1).

Since Nitrasol propellant had previously been used successfully,
further work, particularly safety testing, was done coincidentally with
constant efforts to have the Nitrasol processing ban lifted to allow
processing of material for Cyclops II and Alecto.

1y, s. Naval Ordnance Test Station. Project Cyclops. An Experiment in Hurricane Modifica-
Lion, by Pierre Saint-Amand and Graeme W. Henderson. China Lake, Calif., NOTS, May 1962. 34 pp.
(NOTS TP 2751.)

2Results of this work are presented in Silver lodide Generator Propellant (U), by Henry Sampson,
Ronald Vetter, and Martin Kaufman. China Lake, Calif., NOTS, 9 November 1961 (IDP 1442),
CONFIDENTIAL.

CONFIDENTIAL 1




NAVWEPS REPORT 8074 CONFIDENTIAL

FIG. 1. Cyclops I1 and Alecto Motors and Assemblies.

PROPELLANT FORMULATION STUDIES

A new propellant was needed to carry silver iodate in Alecto and
Cyclops II, so studies were started on a new series of propellants,
designated CY (Table 1). Nitrasol, fluorocarbon, and polybutadiene-
acrylic acid (PBAA) propellants were formulated, tested, and assigned
CY numbers at random. As each propellant was formulated, its prop-
erties were checked, and modifications were made to change its charac-
teristics to obtain the optimum carrier. These changes and modifica-
tions were assigned new CY numbers,

NITRASOL PROPELLANTS

Since the Nitrasol formulation (P-65) used in Cyclops I was not
entirely characterized or believed to be optimum, several more highly
loaded (with silver iodate) formulations were devised and tests per-
formed on each. The first formulations based on Nitrasol binders
exhibited very pcor physical properties, as shown in Table 2, The
Nitrasol propellants in the CY series are CY-1, CY-2, CY-3, CY-4,
CY-5, CY-7, CY-8, and CY-15. Because of the continuing ban on
Nitrasol processing, no motors were loaded with Nitrasol propellants,

2 CONFIDENTIAL
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Propellant ingredient

CY-1 CY-2 | CY-3 CY-4 | CY-5 CY-6 CY-7 CY-8 CY-9 | CY-10| CY-11 | CY-12 | CY-13 | (

PNC NPPK? ..o 5.00 5.83 5.00 10.00 1.96 9.00
TEGN® oo, 10.00 | o | 10.00 | 15.00 | v | v | e,
Silver iodate .................. 85.00 82.52 | 83.00 75.00 83.33 85.00 75.00
TMETN® cocceeene. 1165 { covvvvee | v 3.50 | cooeunne
Candelilla wax ...ccoccevceieer| vveveeees | v 2.00 | oo 0.49 0.25
PETriN 6.86 14.50
Nitrocellulose (¢ 4.90 1.00
Resorcinol 0.49 0.25
Lecithin .| veviennens . 1.97 | e,
Aluminum 123d ..............

L.ead iodate ...........
Magnesium no. 16¢
Teflon no. 6
Teflon no. 7
Viton A i

Viton A-HV i,
Carbon black (P-33) ......
MAPO® e
Butarez CTL 11/ .coooooo.....

100.00
l

|

100.00

100.00 100.%100.00 100.00

IO0.00J 100.00

100.00 | 100.00
I

100.00 | 14

@Plastisol nitrocellulose with 5% ethyl centralite from the Naval Propellant Plant,
b Triethyleneglyco! dinitrate,

¢ Trimethylolethane trinitrate.

CONFIDENTIAL
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TABLE 1. CowmposrtioN OF CY PROPELLANT FORMULATIONS
Formulation, weight %
cY-5 | CYs | CY-7 | cYys | €Y | CY-10|cCY-11 | CY-12 | CY-13 | CY-14 CY-15 | CY-16 | CY-17 | CY-18| CY-19 | CY-20 | CY-21 | P-65
| te e
1.96 9.00 | 6.50 |
................... R
83.33 | 75.00| 75.00
oocoocooe || ococooooo 2.50
0.49 0.25| 0.25
6.86 | oo | 14.50 | 12,00 |
4.90 1.00 | .00
0.49 0.25| 0.2 0.50
1.97 | o e Do | e | e i | oo | e | oo | oo oo Lo Uil o e U i | e,
.................... 5.00 1.50 5.00

........ 0.327 0.198| ..........
11.173 6.802 | ..........
00.00  100.00 | 100,00 | 100.00 | 100.00 100.00{ 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00| 100.00 | 100.00 100.00 | 100.00
Naval Propellant Plant. d Atomized.
e Tris[1-(2-methylaziridinyl]phosphine oxide.
fCarboxylated linear polybutadiene.
3
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Grain
Propellant type

CY-1 extruded
CY-2 extruded
CY-3 extruded
CY-4 extruded
CY-6 cast

CY-7 extruded
CY-8 extruded
CY-9 extruded
CY-10 extruded
CY-11 | ... b
CY-12 cast

CY-13 extruded
CY-14 extruded
CY-15 extruded
CY-15 cast

CY-16 extruded
CY-17 extruded
CY-18 v b
CY-19 cast

CY-20 cast

CY-21 cast

P-65 extruded

P a
Sensitivity tests

Impact,
50% pt.,

Card gap
(NOL)

6 no at zero

6 no at zero

Tensile tests Burni
Elongation at | Elongation Max. tensile

max. tensile at rupture, strength, Modulus Y 120 535 1,065
strength, % % psi 10% elongation psig psig psig
4.0 9% 2,400 o | 0124 | 0.425

1.4 | L 228 17,000 0.058 179 .469

3.5 1 L 104 2,900 .156 .338

6.0 123 2,100 .074 .257 .448

21 L 30 240 .068 .150 .230
2.2 | L. 230 11,000 .059 .242 .449

2T s 197 7,000 .079 .201 .389

.o | .. 209 2,200 .081 .148 .239

5.5 22 972 17,300 .068 137 .218

20 24 105 863 125 .245 .364

9 | L 146 1,633 .051 .133 .210

9 12 1,203 13,030 .034 .081 122

QLT [ 130 4,832 .075 241 .397

7T 102 1,552 .018 .232 .378

13 19 640 4,843 .065 155 .238

9 I L 672 7,482 .069 145 .222
10.2 15.4 105 1,030 121 223 277

35 4] 70 480 .109 .191 .255

21 24 52 385 .107 192 .253
5:9 Ll 109 2,000 0.086 0.256 0.449

" leat of

explosion

cal/g

@Qther sensitivity tests, electrostatic and friction, gave 10 no fires out of 10 tests on all propellants.

b Would not extrude. Also, CY-5 propellant would not extrude, and no data were available; therefore, it was omitted.

¢When Pbl is present, no Pbl, is present. The reverse is also true.
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PHysicAL PROPERTIES OF CY PROPELLANT FORMULATIONS

q Residue i
:nsile tests Burning rate, in/sec lheolrel:ic:lf ::;(n.l'ngo,
- Heat of . S
n Max. tensile F’ explosion, Shho:le A-2 Dex}sng,

. strength, Modulus at 12.0 55.35 1,0.65 cal/g ardness g/cm Al PbI® Pbl,©
psi 10% elongation psig psig psig
1
96 2,400 0.124 0.425 415 70.8 | ...
228 17,000 0.058 179 .469 376 68.1 | ... | e
104 2,900 | ... 156 .338 558 68.4 | ... | ..
123 2,100 .074 257 .448 648 62.1 oo || e
30 240 .068 .150 .230 354 34 70.8
230 11,000 .059 .242 . 449 579 62.1 | ... | e
197 7,000 .079 .201 .389 849 62.1 | ... | ..
209 2,200 .081 .148 .239 1,055 22.5 31.0
972 17,300 .068 137 .218 903 58.0 | ... |
....................................................................... 42.0 57.9
105 863 .125 .245 .364 497 60 4.0151 74.6 wodo || oo
146 1,633 .051 .133 .210 830 3.1363 39.0 53.8
1,203 13,030 .034 .081 122 798 3.4339 39.0 53.8
130 4,832 075 .241 .397 3.6025 62.1 T s
102 1,552 018 .232 .378 803 74 3.5274 62.1 | ... |
640 4,843 .065 155 .238 737 3.8887 66.2 | ... | ...
672 7,482 .069 .145 .222 790 3.8853 66.2 R R
T I e O e T Pt 66.2 o || goow
105 1,030 121 223 277 514 76 4,0022 72.65 | ...
70 480 109 191 .255 407 50 4.0894 75.55 omoro || oo
52 385 107 192 .253 438 40 3.9452 73.89 A —
109 2,000 0.086 0.256 0.449 907 3.0352 53.8 | ... | e

I'tests on all propellants.
re available; therefore, it was omitted.

CONFIDENTIAL
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FLUOROCARBON PROPELLANTS

The propellants CY-10, CY-16, CY-17, and CY-18 were made
using fluorocarbon binders (magnesium-Teflon-Viton), These propel-
lants yielded better physical properties than the Nitrasol-binder
formulations (Table 2).

Although the fluorocarbon propellants were easy to handle, ex-
trude, and burn, they were not considered practical for use at this
time because of the possibility of the formation of silver fluoride in-
stead of silver iodide during burning.

PBAA PROPELLANTS

Earlier studies3:4 with polyurcthane binders indicated that non-
energetic binders were feasible for use. Differential thermal analyses
(DTA) and cook-off tests of Nitrasol propellants used in Cyclops I
indicated a cook-off temperature of about 165°F for an 8-inch-diameter
solid cylinder. Since Nitrasol must normally cure at 160°F (or more)
to obtain adequate physical properties, there was always the possibility
of the propellant cooking off,

As a result of these data, it was decided to investigate, extensively,
the PBAA resins because they do not cook off at such a low tempera-
ture. Some data were available from several 10-pound batches of
nitroplasticized PBAA “conventional” propellants, and CY-6 was
formulated from these data. Calculations showed that CY-6 was
slightly underoxidized and only 50% solids by volume. Another for-
mulation, CY-12, was tried, with 66% solids by volume and a small
amount of aluminum fuel incorporated to raise the energy content,

No silver iodide was found in the residue products of CY-12, so other
PBAA formulations were tried. CY-19 was found to be a good PBAA
propellant, but it was discarded because CY-20 had better physical
properties and other attributes,

Another PBAA formulation, CY-20, had an exhaust temperature of
820°K (1017°F), which is slightly below the decomposition tempera-
ture® of 825°K (1026°F) for silver iodide. It can be seen in Table 3
that there is too little energy present in CY-20 (for the heat losses that
occur in actual rocket motors) to exhaust all the silver and silver
iodide.

3 See footnote 2, p. 1.

4 Memorandum from Ronald F. Vetter to D. Williams, Code 4512; Reg. No. 4571-31-62,
dated 26 October 1961, CONFIDENTIAL.

5 Handbook of Chemistry and Physics, 42nd ed. Cleveland, Ohio, Chemical Rubber Publishing
Co., p. 649.

CONFIDENTIAL 5
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TABLI 3. SILVER AND SILVER [ODIDE SLAG WEIGHTS
IN MJOTORS AFTER STATIC FIRING

- . W, of silver

Motor Propellant Wi. of silver, e,

no. g

g
2 1/2-inch Alecto
Av, of 3 CY-20 120—130 130—-150

10 CY-20 140 not determined
12 CY-20 129 do.

13 CY-20 127 do.

14 CY-20 145 do.

16 CY-20 128 do.

17 CY-20 140 do.

18 CY-20 125 108

26 CY-21 125 not determined
28 CY-21 118 do.

29 CY-21 68 do.

35 CY-21 135 do.

39 CY-21 73+ do.

41 CY-21 130 do.

46 CY-21 130 do.

8-inch Cyclops II

1 CY-19 325 295

2 CY-12 15 none

3 CY-20 2,540 2,109

4 CY-20 2,404 not determined

6 CY-20 2,358 do.

9 CY-20 1,315 do.

10 CY-20 1,140 do.

12 CY-20 2,050 1,600

14 CY-20 2,404 not determined
16 CY-21 45 none

17 CY-21 45 none

18 CY-21 45 none

19 CY-21 45 none

Investigation of a motor containing CY-20 revealed a large
amount of silver and silver iodide slag remaining in the motor after
firing. Since it was known that the higher flame temperatures supplied
by the aluminum fuel in CY-12 and CY-19 had left less of this unde-
sirable slag (Table 4), a formulation switch was made, A propellant
was devised containing essentially the equivalent volumetric binder
percentage as CY-20 (to allow the use of CY-20 grains for testing
purposes) with a small amount of aluminum added. This new propel-
lant was designated CY-21. Table 3 shows the results of tests with no

measurable amount of slag present in any of the CY-21 motors,

CONFIDENTIAL
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TABLE 4. 8-INCH-DIAMETER CYCLOPS II MOTOR-FIRING SUMMARY

All motors had L-C-2 inhibitor liner and a 6 1/2-inch cruciform grain of magnesium—Teflon—Viton propellant in a modified Mk 264 pyrogen igniter
with a 0.2-inch-diameter nozzle.

1- Slag wt., Bomi
Motor Propel- I':::p:t. Precon- Heat Nozzle g g l:;:l:g Type of
no. lant 1h ! ditioning liner insert Ag Agl sec' lest Comments
1 CY-19 58 None None Graphite 325 295 34% | e
2 CY-12 67.4 None One layer RPD 150 15 None | o | s Fired with fin assembly
silicone- attached & held open.
glass tape 65% nozzle area increase
insulation caused by nozzle erosion.
Motor pressure dropped &
chuffing occurred, par-
tially negating test.

3 CY-20 69.3 None None Graphite 2,540.1 2,109.2 90.4b Motor wall bowed out be-
cause of heat & pressure
but did not fail.

4 CY-20 60 21/4hrat| 0.02-in. Graphite | Not de- Not de- ~80 40,000-ft | e

-65°F RPD 40 termined termined simulated
altitude
vacuum
ignition

6 CY-20 60 None 0.085-in. Graphite do. do. ~78 40,000-ft Vibration-tested, then fired.

phenolic— simulated
asbestos altitude
cloth vacuum
ignition.
Go—no-go
9 CY-20 60 None 0.085-in. Graphite do. do. 48° Go—no-go Vibration-tested, then fired.
phenolic—
asbestos
cloth
10 CY-20 60 48 hr at 0.085-in, Graphite do. do. ~75 Dropped 5 ft, then fired.
-30°F phenolic— Unusual pressure peak
asbestos developed.
cleth
12 CY-20 60 48 hr at 0.085-in. Graphite do. do. 60 Dropped 5 ft, then fired.
70°F phenolic— High pressure peak
asbestos developed.
cloth

14 CY-20 60 51/3 hr 0.085-in. Graphite do. do. ~88 40,000-ft

at =65°F phenolic— simulated

asbestos altitude
cloth vacuum
ignition
16 CY-21 60 None 0.085-in. Graphite do. do. ~85 Go—no-go Vibration-tested, then fired.
phenolic— |
| asbestos
| cloth
17 [ Cy-21 | 60 None 0.085-in. Graphite None None 70d 40,000-ft Vibration-tested, then fired.
| 1 phenolic— simulated
| | ashestos altitude
| | cloth vacuum
' ignition
18 'l CYy-21 60 48 hr at 0.085in. Graphite i None None R | E——— Dropped 5 ft, then fired.
| ~65°F phenolic— 1gnition delay at 10 sec.
[ ashestos | Pressure peak toward end
i | { cloth | of burning.
19 Cy-21 : 60 None 0.085in. Graphite | Not de- Not de- ~80 | Go-no-go Vihr tion-tested, then fired.
| phenolic— termined termined |
ashestos !
| cloth I |
2 Burned through. € Burned well hut instramentation failed at 70 seconds.
5 At arelatively low pressure of 97 psig. d Quite high pressure peak developed and shortened buming time.
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Table 5 shows the results of IBM calculations on the PBAA propel-
lants CY-12, CY-20, and CY-21.

LEAD IODATE STUDIES

CY-9, CY-11, CY-13, and CY-14 were made to obtain some infor-
mation on the incorporation of lead iodate into a propellant, Lead
iodate is insoluble (in almost all known solvents) and therefore is
available only in small particle sizes (obtained by precipitation from

TABLE 5. RESULTS oF IBM CALCULATIONS ON VARIOUS CY PROPELLANT FORMULATIONS

The following information is based on (1) PBAA = CjoHys, with a heat of explosion of =21
cal/g and a deusny of 0.0395 1b/in3; (2) AglO3, with a heat of explosion of ~149 and a density of
0.2008 1b/in®; (3) TMETN = CgHgN;Og, with a heat of explosion of —221 cal/g and a density of
0.0525 1b/in%; and (4) aluminum, with a heat of explosion of 0 cal/g and a density of 0.0975 1b/ind.

Propellant
Property

CY-12 CY-16 CY-20 CY-21 Special

Specific impulse (1,000-14.7), lb-sec/Ib
Frozen

Shifting

119.8 127.6 114.3 119.2 123.1
126.6 137.0 154.5 126.2 130.9

Exhaust temperature
oy

1516 2137 820 1371 1615
2269 3388 1017 2009 2448
Ratio of molar heat capacities, ¥ (av.)....... 1.2524 1.2311 1.2667 1.2621 1.2498
Thrust coefficient, CF .ocvvinrveciiiicicne, 1.57 1.58 1.564 1.566 1.571
Characteristic exhaust velocity, C* ........| 2595 2790 3179.8 2593 2681
Exhaust gases, mole-%
L PSR ROPPRIP 8.88 0.07 20.51 12.68 7.47
I, 4.48 0.01 6.24 7.81 5.62
I, 0.09 1.50 1.05 0.62
9.41 0.08
0.21 7.90 10.49 13.00
22.87 31.49 15.09 14.79
20.51 0.08 6.18 13.00
2.66 6.73 22.90 19.47
........ 1.08 0.98 1.02
0.01 | covee | e ] e
0.01 | vn | |
8.57 | cr | e b e
5.68
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the mother liquor of a double displacement reaction). CY-13 shows
that a Nitrasol propellant with lead iodate can be extruded to yield
physical properties similar to P-65, using identical ingredients with
an equal amount of lead iodate replacing the silver iodate., The
magnesium-— Teflon-Viton formulation (fluorocarbon-based CY-14)
gave the best physical properties of the few formulations tested; how-
ever, no lead iodate grains were made, and work was stopped on this
material following a talk with Dr, Vincent Schaeffer of the University
of Nevada, Reno, concerning cloud seeding. According to Dr, Schaeffer,
tests in cold chambers indicated that lead iodide does not nucleate ice
crystals to form rain drops at temperatures above -20°F, Dr,
Schaeffer also stated that, in his opinion, crystal size of the iodides
should be about 200 to 500 angstroms (0.20 to 0,50 micron) rather
than the 0,50- to l-micron size tried for in Cyclops 1.

EXTRUSION

It was believed desirable to use extruded grains as well as cast
grains for the various formulations. Table 6 shows extrusion param-
eters of the CY propellants and P-65, indicating which of these

TABLE 6. EXTRUSION TEST PARAMETERS

. Temperature, °F
P " Intermediate
L pressure, psi | Barre] | Oven
6,600 130 130
10,000 130 130
5,000 130 130
6,000 130 130
4,700 130 130
11,000 130 130
10,700 130 130
.......... @ 130 130
10,300 225 l 197
CY-10 (1.2-in. rod) ...... 10,000 150 150
CY-10 (3/32-in. rod).... 20,000 225 | 197
Modified CY-10............ 16,600 225 175
T 225 197
.......... 130 130
4,400 140 150
11,000 2925 175
.......... ket 130 150
20,000 225 175
20,000 225 175
.......... 225
4,000 130 | 130

aNo pressure.
b Would not extrude.
¢ Not extrusible—crumbles.
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propellants can be extruded. Extrusion was believed to be a more
desirable method of grain preparation, especially for the 1,2-inch
Alecto,

SENSITIVITY TESTS

The electrostatic, friction, and impact test results showed no
friction or electrostatic positives for any of the formulations (Table 2),
The impact data seem to indicate equal or poorer sensitivity for the
fluorocarbon-based and PBAA formulations than for the Nitrasol for-
mulations. However, the impact test requires only a slight reaction
(discoloration of sample) to be positive.

No PBAA samples or motors hiave shown any indication of detona-
tion wave propagation., All normal drop tests were negative and in a
no-fire flight test from 40,000 feet altitude the unit impacted the range
shattering the entire unit and the propellant, which partially burned
with ignition from an undetermined source. Several chunks of propel-
lant were found unburned among the debris,

Gap detonation tests using the standard setup6 from the Naval
Ordnance Laboratory, White Oak, with zero cards, were negative in
all tests on CY-12, CY-20, and CY-21.

DIFFERENTIAL THERMAL ANALYSES

Thermograms. DTA thermograms of some of the formulations
are presented in Fig, 2—4, The nitrate ester exothermic peak at ap-
proximately 180°F can be seen in many of the thermograms.

Thermal Study of CY-21, Difficulties were encountered in attempt-
ing a complete thermal analysis of CY-21, which was selected for use
in the prototype units for actual use against a hurricane in the fall of
1962, under the Department of Commerce Weather Bureau Project
Stormfury.

Thermal patterns of CY-21 were obtained by DTA at heating rates
of 9.6, 7.8, 5.8, 3.9, and 1.9°C/min. An endothermic peak occurred at
141.1°C (av.), which did not vary with the heating rate, indicating a
transition point. At the rate of 9.6°C/min, exothermic peaks occurred
at 200, 261, 425, 561, and 619°C, CY-21 burned or damaged approxi-
mately 15 unshielded thermocouples during the DTA study. Usually,
there is no loss of thermocouples during DTA tests,

The first peak (at about 200°C) occurred only at the two higher
heating rates and not at the lower rates. No reason can be given for
this at this time nor can an activation energy be determined from the
two heating rates,

5 Two 2-inch-diameter, 1-inch-thick tetryl pellets detonated by no. 3 blasting cap against the
sample in a 5 1/2-inch-long, 1 1/2-inch-diameter steel pipe with a witness plate on top.
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EXOTHERM
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ENDOTHERM
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{a) CY-6.
EXOTHERM /
BASE LINE
ENDO'IH?RM L i 1 n N N 0
50 100 150 200 250 300 350 400 450 500

TEMPERATURE, °C

(b) CY-7.

1 BASE LINE
ENDOTHERM
1 1 1 ] 1 1 1
50 100 150 200 250 300 350 400 450 500
TEMPERATURE,*C
{c) CY-8.
EXOTHERM
P
1 “="BASE LINE
ENDOTHERM
1 i 1 1 1 1 1 1
50 100 150 200 250 300 350 400 450 500

TEMPERATURE,*C

(d) CY-9.

FIG. 2. DTA Thermograms at a Heating Rate of 4, 83°C/min,
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EXOTHERM
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100 150 200 250 300 350 400 450 500 550 600 €50
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(a) Heating rate 4, 80°C /min.
*600°C
~+430°C
EXOTHERM
1 BASE LINE
ENDOTHERM
. 1 I n I
100 200 300 400 500 600 700
TEMPERATURE,°C
(b) Heating rate 19. 6°C/min.
~561°C
396°C
EXOTHERM
t BASE LINE
ENDOTHERM | \ ) . .
100 200 300 400 500 600 700
TEMPERATURE, °C
(c) Heating rate 4.81°C/min.
EXOTHERM
Y BASE LINE
ENDOTHERM . , | ) . )
i
o 100 150 200 250 300 350 400 450 500
TEMPERATURE, °C
(d) Heating rate 4.84°C /min.
FiG. 3. DTA Thermograms of CY-10.
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EXOTHERM
ENOQTHERY _ ,  BASELNE 7
50 100 150 200 250 300 350 400 450 500

TEMPERATURE, °C

(2) CY-12 at a heating rate of 4,84°C/min,

EXOTHERM
t AN
ENDOTHERM BASE LINE ~
s 50 100 150 200 250 300 350 400 450 500 550 600 650 700
TEMPERATURE °C
(b) CY-13 at a heating rate of 5, 76°C /min.
EXOTHERM
ENDOTHERM BASE LINE —~
0 50 00 150 200 250 300 350 400 450 500 550 600 650 700
TEMPERATURE, °C
(c) CY-15 at a heating rate of 5,76°C/min.
EXOTHERM
ENDOTHERM BASE LINE —
) 50 100150 200 250 300 350 400 450 500 550 600 650 700
TEMPERATURE,°C
(d) CY-19 at a heating rate of 5.76°C/min,
FIG. 4. DTA Thermograms of CY-12, CY-13, CY-15, and CY-19.
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The second peak had a range of 321 to 361°C for a heating rate
range of 1.9 to 9.6°C/min. A break in the curve occurred at the rate of
5.8°C/min, The rates 1.9, 3.9, and 5.8°C/min gave an activation energy
of about 89 kcal/mole whereas the rates 5.8, 7.8, and 9.6°C/min gave
an activation energy of about 32 kcal/mole, The reason for the change
in the activation energy above 5.8°C/min has not been determined.

The cook-off data for two samples, 4 7/8 inches in diameter, were
13.4 and 15.3 hours at an oven temperature of 250 and 237°F, respec-
tively. Two samples, 2 inches in diameter, at an oven temperature of
250°F, showed exothermic heat above the oven temperature, The first
exotherm with the 2-inch sample lasted about 40 hours with a maximum
differential temperature of 10°F for the first 11 to 13 hours. The sec-
ond 2-inch-sample exotherm lasted about 100 hours with a maximum
differential temperature of 10°F for the first 5 to 13 hours, after which
the temperature dropped irregularly back to the oven temperature,

BURNING RATES

All the silver iodate formulations seem to have burning rates of
approximately the same value at about 500 psig (Fig. 5). The Nitrasol
formulations have pressure exponents of approximately 0,80 if the
equation rp = cP? (where rp is the turning rate, c is the coefficient, P
is the pressure, and n is the pressure exponent) is considered as valid
and straight lines constructed even though they do not coincide with all
the data points. The nitroplasticized PBAA formulations seem to fit
the burning-rate equation well, at least in the range from 100 to 1,000
psi, with a pressure exponent of 0.35,

Table 7 lists the strand burning rates obtained at three tempera-
tures in order to determine Tp and 7k, the temperature coefficients,
However, the rates correspond at each pressure and show no termpera-
ture dependence. Not enough data from motor firings were generated
to verify this nondependence on temperature, but indications (Fig.6-19)
are that this is the case.

TABLE 7. BUrNING RaTES OF CY-21

Burning rate, in sec
Temperature, °F -

120 psig 540 psig 1,080 psig 2,600 psig
. . 4 .
10 ot oL 0.252 L.
79 0.107 0.192 0.253 0.378

135 0.110 — 0.2 Ll
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(b) P-65 compared with other Nitrasol formulations.

FIG. 5. Extruded Strand Buming Rates of Propellant Formulations.
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(d) P-65 compared with PBAA formulations.

FIG. 5. (Contd.)
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FIG. 6. CY~20 Static-Fired in 2 1/2-Inch Alecto Motor No. 10 at Ambient Conditions.
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FIG. 7. CY-20 Static-Fired in 2 1/2-Inch Alecto Motor No. 11 at Ambient Conditions.
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